I N T R O D U C T I O N
In recent years the use of computers in medicine has expanded rapidly with the advent of decreasing prices and increased capability. Among these advancements is the development of microprocessor-based physiologic data acquisition systems.
Currently many physicians use business microcomputers to handle patient billing, accounts receivable, and correspondence.~ In addition, there is a growing need to monitor physiologic data in many types of medical practice. These instruments are usually based on dedicated computers whose capabilities are not fully utilized. This results in the purchase, as well as the space requirements, of several pieces of equipment with redundant characteristics. The most significant expense associated with a computer system is the cost of the peripherals (e.g., memory, disk storage, terminals, printers, and display devices) rather than of the computer itself. Thus, the costeffectiveness of such equipment can be greatly increased by adding physiologic dataacquisition capabilities. These data can then be analyzed, permanently stored, and reported.
E Q U I P M E N T
The components required for data processing are shown in Figure 1 . Operator interaction with the computer is via a CRT terminal and printer using the RS232 standard protocol. The system employs a main-frame based on the IEEE standard S-100 bus] a Z80 CPU, and 64 kilobytes (64K) of read/write memory (RAM). The S- 100 bus was selected because it is the de facto standard for microcomputers. There are at least 19 S-100 main-frame manufacturers and over 60 companies that offer S-100 boards, ensuring versatility and flexibility via wide availability of hardware. In addition, a bus-oriented system is easier to troubleshoot and maintain; if one device fails, it is easily and relatively inexpensively replaced. The use of a microprocessor whose language is upward compatible with the Intel 2080, the most widely utilized CPU in microcomputers, ensures access to a wide range of software. Dual-drive floppy disks with a capacity of one or two megabytes constitute the secondary on-line storage for both programs and data. They are capable of accessing 8-inch IBM standard soft sector diskettes. This ensures maximum access to data and programs generated by other computer systems. The entire system is mounted in an industry standard 19-inch-wide (52-inch-high) mobile rack.
For physiologic testing, such as ABSER, the additional hardward required includes high gain physiologic amplifiers, various stimulus generators, and a signal display device. These components are interfaced to the computer via a seven-channel analogue-to-digital (A/D) and digital-to-analogue (D/A) converter board. Existing ENG recorders and acoustic impedance meters are easily interfaced to the CPU via the same A/D-D/A board ( Figure 1 ).
SOFTWARE
Software versatility is achieved by use of the popular CP/M* disk operating system (DOS) and the Z80 microprocessor. This particular DOS is nearly hardwareindependent so that programs running under it on one system can be transported with minimal alteration, if any, to any other computer running under CP/M. Several highlevel programming languages, both compilers and interpreters, are available for this system. The data-processing programs are written in BASIC, COBOL, and Assembly language, while the data-acquisition programs utilize FORTRAN and 8080 (Z80) Assembly language. Specifically, Assembly language is employed for data collection and display, while FORTRAN is utilized for disk access, operator interaction, and mathematical and statistical analysis.
The Medical Accounting package is a complete accounts-receivable program that processes and maintains all accounts in the office. The programs are written in CBASIC~, facilitating program alteration relatively to meet individual requirements. It is simple to operate and does not require additional or specially trained personnel. Current accounts are completely itemized and all patient data are continuously accessible. Statement preparation and insurance form processing are completely automatic. A great variety of valuable management reports are generated on request. These include daily and monthly activity as well as accounts receivable, age analysis, doctor status, and patient ledger printouts. The availability of these data ensures prompt and accurate issuance of patient statements and insurance claims.
The word processor is character-oriented, with text entered as on a typewriter. Any number of characters may be entered or deleted at any point in the text, with the text format on the CRT appearing as it would in the final printout. A wide range of formatting options are available, including right and left justification, boldface type, underline, superscript and subscript, special character sets, and variable line spacing. Also included are powerful search functions and block move capabilities.
The data base management software is user-oriented for data base creation, maintenance, and report generation. File structure with user-defined fields can be sequential, random, or linked. High-speed search algorithms are employed utilizing index sequential access if desired. An automatic multikey sort/merge utility is included. Printed reports can be generated with headings and labels as desired. The system can be used to format data for statistical or other types of analysis.
Auditory brainstem-evoked response (ABSER) is a method for measuring the potentials produced in the brainstem due to auditory stimuli. The evoked-response system utilizes standard commercially available peripheral devices with a minimum of custom hardware. The major emphasis has been directed toward the development of unique and efficient software that effectively utilizes features of this equipment. A completely operator-controlled situation that is human-engineered rather than machine-oriented has been achieved. Specific instructions are displayed on the CRT whenever hardware adjustments are necessary; otherwise, the data or an instruction menu is always visible. The test can be interrupted, aborted, or continued at any time.
Several automatic features have been incorporated to ensure accurate determination of all possible variables used in computations. These include automatic calibration of the preamplifier and gain sensing. This in turn determines the maximum artifact rejection window, which distinguishes between the desired signal and unwanted muscle artifacts. The artifact rejection window can be altered by the operator at any time during data collection.
During ABSER data collection, sampling is performed every 50 microseconds. Artifact rejection levels are tested between successive samples. The oscilloscope display includes the incoming signal bounded by the artifact rejection window and the cumulative average with gain and offset automatically adjusted for optimal display. The CRT continuously displays the number of times the stimuli have produced acceptable data and the number of artifacts rejected. 3 One to four averages can be displayed simultaneously during data analysis. The operator-controlled cursor can be superimposed on any signal trace along with a display of the indicated point latency on the terminal screen. A tabulated display of both latency and amplitude of selected points is also available. During single average display, the peak-to-peak amplitude and maximum latency are automatically displayed and a tabulated list of the interpoint latencies of the first 6 points is generated on the CRT.
Electronystagmography is a means of recording the induced or spontaneous rotation of the eye, useful in evaluating the function of the vestibular and oculomotor system. 4 The ENG storage and analysis system is compatible with most currently available ENG recorders, which can be interfaced directly to the microcomputer. RAW ENG data can be stored on floppy diskettes, thus obviating the need for strip chart generation and storage. Should a hard copy be required, the stored data can be plotted on the recorder at any time. Up to 30 minutes of activity can be stored per patient, and data for up to 20 patients can be stored on each floppy diskette.
The program prompts the user during all phases of data acquisition and analysis. The testing sequence is customized for the user. During data collection, sampling is performed 20 times per second and all data are displayed on the oscilloscope. Analysis can be performed immediately after data are collected. In addition, all stored data are accessible for similar review at any time.
The acoustic impedance meter is an instrument used to determine the mobility of the middle ear as measured by the compliancae of the tympanic membrane. Variation in the compliance as the pneumatic pressure in the ear canal is changed is a measure of the status of the middle ear, tympanic membrane, and ossicular chain. When used with a pure tone stimulus generator, acoustic reflex evaluation can be performed. The presence, form, and latency of this reflex have been demonstrated to be an extremely sensitive indicator of inner ear and retrocochlear pathology. 5.6 It has been interfaced to the computer via the A/D and processes data in much the same way as the system described above. The acoustic reflex is displayed for analysis and can be permanently stored for future reference. In addition, a program to allow performance of the acoustic reflex latency test has also been implemented. This allows determination of the delay in onset of the reflex after the auditory stimulus has been presented to the ear.
RESULTS
Currently, the system is used for physiologic data acquisition approximately 50% of the time, with the majority of use divided between ENG and ABSER testing. In the remaining time available during regular working hours, the computer is fully utilized for practice management activities. These include accounts-receivable processing (including third-party billing), word processing, and data base logging of all surgery performed. A data base of prepaid (HMO) patients is also maintained.
On occasion, the microcomputer is used during evenings and weekend hours for research activities such as statistical analysis of accumulated data, programming, and writing papers such as this one. A modem has been incorporated to enable the computer to communicate with many large main-frames around the country. This modem also allows the computer to be accessed by remote terminals via standard telephone lines.
It should be noted that these functions were introduced in stepwise fashion to ensure acceptance by the various operating personnel. Initial reluctance to deal with a computer was dispelled with exposure to various recreational programs available for microcomputers. Each program was introduced with an adequate training period and complete, clearly written, user-oriented documentation.
CONCLUSION
This system was initially installed to perform medical accounts-receivable management and evoked response testing. Soon after installation, programs to perform word processing, data base management, and acoustic reflex display were requested and implemented. Testimony to the success of using a general-purpose microcomputer in this setting is its acceptance by operating personnel and its rapidly expanding utilization.
Future applications include visual evoked response, general ledger program for complete medical office financial management, patient appointment scheduling, patient recall and medication follow-up programs, and a system for accumulating audiometric data.
